Introduction
Adherence to medication is the leading key to successful outcome of tuberculosis (TB) management. The successful treatment of infectious cases is essential to break the chain of the infection transmission (WHO, 2018a) . Good knowledge obtained from health education and awareness program has proven to be the factor that promote adherence behaviour. For example, patients with inadequate knowledge of the duration of the treatment is found to be associated with non-adherent to the medication due to the feelings of cure after taking the treatment for one-or two-months only (Ibrahim et al, 2014; Tesfahuneygn, Medhin, & Legesse, 2015) . Therefore, it is very important to educate patients on the importance of completing their treatment although they do not feel the need for it. Many studies also supported that the more the patients were educated about the nature of TB disease, the more likely they would adhere to anti-TB medications (Yao, et al, 2011; Tachfouti, et al, 2012; Sariem, et al, 2013 , Rondags, et al, 2014 , Tesfahuneygn, et al, 2015 Peltzer & Pengpid, 2015; Theron, et al, 2015) . Meanwhile, in the Malaysia National Strategic Plan for TB Control 2016-2020, stated that one of the key strategies to control TB is health education activities (Ministry of Health (MOH) Malaysia, 2016b) . Health education to the newly diagnosed PTB patient upon the treatment initiation was also recommended in the Malaysia Clinical Practice Guidelines of Tuberculosis (MOH Malaysia, 2012) .
Conventionally, health education is given to the patients by healthcare provider via face to face approach, where patients must come to the clinic for counselling session. However, in the era of the new technology and the availability of the internet that is conveniently accessible and affordable, the channel used to educate patients has not been restricted at the clinic setting only. WhatsApp is an example of the tool that can be utilized to achieve this health objective. This initiative is called mHealth (WHO, 2011) . The mHealth has the potential to transform the face of health services delivery across the globe (WHO, 2011) . It also may improve health system efficiency in regions where resources and trained medical professionals are very scarce. In Malaysia, the population has increasingly utilized WhatsApp instant messaging as a tool of communicating and interacting with other people (Statista, 2016) .
TB in Malaysia has been existed for decades and yet still among the top five most common communicable diseases in the country (MOH, 2016b) . Apart of that, the incidence rate is still relatively high ranges from 78 to 82 per 100,000 population between 2013 to 2016 (MOH, 2014; MOH, 2015; MOH, 2016a; MOH, 2017) . There are also slow declining rates of the disease at less than 2% per year between 2014 and 2015 (MOH, 2016b) . Seremban is a district out of 7 districts in Negeri Sembilan state of Malaysia. The number of TB cases in Negeri Sembilan ranges from 631 to 680 within these 5 years, 2013 to 2017 and the incidence IJPHCS Open Access: e-Journal rate in 2015 is 60.7 per 100,000 population (MOH, 2016; State Government of Negeri Sembilan, 2019) . Out of 7 districts, Seremban has the highest number of reported TB cases (340 cases in 2017) which constituted more than half from the total of TB cases in the state (MOH Malaysia, 2019) . Apart of that, the TB treatment success rate in Seremban district also has been low for many years, 74. 8%, 86.2%, 83.3% in 2016 respectively (Seremban District Health Office, 2019 ). The targeted treatment success rate is more than 85%. This indicator of performance is one of national TB control program. The defaulter rate in Seremban also has not achieved the target, for example the defaulter rate in 2017 was 5.6% which the highest in the state (Seremban District Health Office, 2018) . This was the reason why Seremban District has been chosen for the study location.
Based on the TB situation in Malaysia and Seremban District particularly, the importance of knowledge to promote adherence behaviour and the progressive dissemination of mHealth globally and considering particularly its potential to enhance medication adherence and treatment success, an intervention using WhatsApp was carried out. The aim of the study was to determine the effectiveness of health education module delivered via WhatsApp to enhance and promote adherence to treatment and successful outcome among newly diagnosed TB patients.
Methodology

Study designs and participants
Participants were recruited into randomized controlled trial through registered new TB cases in Seremban District between 1 st of July 2017 until 31 st of March 2018. The eligibility criteria for inclusions are newly diagnosed with smear or bacteriologically positive or negative pulmonary tuberculosis (PTB), age between 18 to 65 years, Malaysian citizen, have access to WhatsApp for personal used and who were prescribed the 6-month of Directly Observed Therapy, Short Course regime (DOT) of TB treatment and continued follow-up at government facilities during the study period. The participants had to be on treatment for less than a month to allow the intervention to help establish the adherent behaviour early. Enrolment continued until the pre-determined sample size was met. The estimated total sample size calculated was 110. Eligible participants were consented using written consent taken by the Assistant Medical Officer in-charged of TB program in health facilities. The trial was approved by Malaysia Research and Ethics Committee (MREC) and registered under Australian New Zealand Clinical Trials Registry (ANZCTR) (ACTRN12619000329167)
Randomization and blinding
Once a patient consented to participate, a study representative at Seremban District Health Office randomly assigned the participant using blocked randomization technique to receive either health education module through WhatsApp or continue with current conventional method (face-to-face) health education. To avoid contamination of the intervention information, all the respondents were asked not to share any content of the WhatsApp they received with other people. The healthcare provider was not known which group patients IJPHCS Open Access: e-Journal were assigned. An officer at District Health Office was responsible to deliver the pre-set WhatsApp messages to the intervention group using a dedicated phone number allocated for this study purpose.
The implementation procedures
The module was named as TB@Clicks as the information pertaining TB is just in one click from the mobile phone or any device that support WhatsApp application. This module was developed during this study and adopted based on the constructs in the Information, Motivation and Behavioral-skills (IMB) theoretical approach ( Table 1) .
The implementation was done in two phases. The educational phase, the respondent in intervention group received health education messages through WhatsApp. A set of messages from TB@Clicks module was sent to individual respondents within one-day period during intensive phase. The respondents could ask any questions related to TB and its treatment through WhatsApp only. While, for control group, no WhatsApp messages was sent during intensive phase. For the maintenance or sustainability phase, each respondent in both intervention and control groups received reminder messages through WhatsApp at 1-, 2-, 3month after received the intervention module.
Determination of outcome
The main or primary outcome of the study is the adherence rate to TB treatment and treatment success rate. Both outcomes were determined from the respondents record in Health Clinic (TBIS 10-I) at the end of 6-month of prescribed treatment duration for DOTS as recommended by WHO for newly diagnosed PTB patients and Malaysia Clinical Practice Guideline for TB (WHO, 2002; MOH, 2012 . The treatment success was based on WHO definition, the sum of cured and treatment completed whereby the treatment is cured if "a PTB patient with bacteriologically confirmed TB at the beginning of treatment who was smear-or culture-negative in the last month of treatment and on at least one previous occasion and the treatment is completed if a patient without evidence of failure but with no record to show that sputum smear or culture results in the last month of treatment and on at least one previous occasion were negative, either because tests were not done or because results are unavailable" (WHO, 2014).
Statistical analysis
The data analysis was done using a SPSS version 22.0 statistical software for Windows. Descriptive analysis was carried out to examine the sociodemographic distribution of respondents in this study. Generalized Linear Mixed Model (GLMM) statistical analysis was used to determine the effects of TB@Clicks health education intervention module on adherence rate to TB medication and treatment success rate. There were 10 independent variables included in the multivariate model which were the trial status, sociodemographic variables (age, gender, marital status, employment status, income status, educational status, ethnicity, smoking status), and type of PTB (smear positive or smear negative). The target variable was binomial whether the respondents had adhered or non-adhered to the TB medication and treatment success or treatment unsuccessful. The working unstructured covariance was used in the SPSS as it resulted in the best possible model fit, evidenced by the International Journal of Public Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. 4 July/August 2019 IJPHCS Open Access: e-Journal lowest Akaike corrected information criterion (ACIC) and Bayesian information criterion (BIC). A significant difference was set at p<0.05.
Results
Response rate
The recruitment process was started among all newly diagnosed TB patients in Seremban District registered in MyTB system from 1 st July 2017 and continued until the sample size was achieved on 9th of April 2018. There was a total of 316 newly diagnosed TB patients were registered between the period and 158 TB patients were assessed for eligibility. Among them, 48 patients did not meet study inclusion criteria includes age status (n=9), non-citizen (n=5), no smartphone/WhatsApp application (n=3), extra-PTB case (n=7), taking DOT from other facility or DOT outside Seremban District (n=15) and another 9 respondents refused to participate due to lack of interest and other reason not known. The final sample size was 110 respondents enrolled in the study; 55 respondents randomized into intervention group and another 55 were into the control group within the recruitment period. Each respondent was followed-up for at least 6 months. The ranges of followed-up duration were between 2 to 10 months with average of 6 months duration.
At the end of the study, 5 patients from the intervention group and 12 patients from the control group were lost during follow up (Table 2) . It meant the response rate for the intervention group was 90.9% and for the control group was 78.2% (84.5% combined response rate). The reason for lost during follow up were due to mortality (7.3%), defaulted TB treatment (7.3%) and changed diagnosis to bronchiectasis after 1 month on TB treatment (0.9%). Chi-square test was performed to see there was any significant difference between intervention and control groups for respondents who were loss to followed-up. The result revealed that there was no significant difference between intervention and control groups regarding loss to follow-up (p=0.065). 
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Open Access: e-Journal Table 3 tabulates respondents 'sociodemographic characteristics at baseline. There was not statistically significant between the two groups of study across most of the variables except for the age variable (p=0.029). Apart of sociodemographic, the other characteristics obtained are presented in Table 4 . The variables include the type of PTB, type of regime of treatment the patients received, and HIV status of the patients compared between the intervention and control group. These variables were showed not statistically different between the groups.
Sociodemographic characteristics of respondents according to group
International Journal of Public Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. 4 July/August 2019 IJPHCS Open Access: e-Journal Table 5 shows the comparison of adherence rate towards TB medication among the respondents in both groups. The number of respondents who adhered to medication was higher in the group that received intervention (81.8%) compared to control group (69.1%). However, no significant difference between the groups. 
Comparisons of TB medication adherence rate among respondents between intervention and control group
Comparison of tuberculosis treatment success rate among respondents between intervention and control group
The total treatment success rate among the respondents in both groups was 78.2%. The intervention group showed a better treatment success rate (85.5%) as compared to the control group (70.9%). However, it showed no significant difference of treatment success rate between the intervention and control group (Table 6) .
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Open Access: e-Journal Table 7 shows the results derived from multivariate analysis. The results revealed that none of the variables were significant. Therefore, the intervention module using WhatsApp has no significant effects to the adherence rate among PTB patients. Table 8 shows the fixed coefficient effect of the outcome variable studied. The positive estimates of group intervention and control imply that patients in the intervention group are 4.1 (95% CI = 1.16-14.87, p=0.03) times more likely to have successful treatment than that of patient who was not received any intervention. In other words, the intervention group has positive effects on the successful outcome of a PTB patient compared to those who did not receive the intervention. In addition, the negative and significant estimates for marital status mean that unmarried patients are not more likely to get successful treatment than married patients (p=0.034). Being single resulted in unsuccessful treatment outcome among PTB patient who received DOT treatment regime. Journal of Public Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. 4 July/August 2019 
The effects of TB@Clicks Module delivered using WhatsApp on medication adherence rate
The effects of TB@Clicks Module using WhatsApp on the treatment success rate
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Discussion
It has been reported that intervention to enhance good adherence behaviour to medication will lead to the successful treatment outcome of TB (Alipanah, Jarlsberg, Miller, et al, 2018) . Education is a strategy recommended by Centers for Disease Control and Prevention (CDC) to address barriers in adhering to TB medications (CDC, 2014) . Moreover, the presence of health promotion information, motivation, and behavioral skills elements in the intervention module appears to be associated with health promotion intervention impact (Fisher, et al, 2003) . For example, the TB@Clicks module provides information that TB is curable and the treatment regimens are effective to kill bacteria may motivate an individual to maintain with the positive self-care practice which is to continue taking the medication until completed although they already feeling better after only few months of taking the regime.
Apart of that, the strategy used in this study to tackle barriers to completing TB treatment by addressing knowledge gaps, attitudes, and behaviours surrounding adherence to TB treatment. Using mHealth module intervention by utilizing the usage of WhatsApp application to improve the knowledge on TB and its treatment may improve one perception and the way in which something is regarded, understood, or interpreted and thus promote the good self-care practice on TB and adherence behaviour towards TB medication. A local study was revealed that low in knowledge, traditional believes and negative perception towards TB treatment were found to be significantly associated with the non-adherence among TB patients (Shariff, et al, 2017) .
Nevertheless, the mHealth intervention using WhatsApp was not significantly promote the adherence rate among PTB patients after adjustment in multivariable analysis. This is in contrast with a study done among PTB patients to assess the feasibility of Video Directly International Journal of Public Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. 4 July/August 2019
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Observed Therapy (VDOT) found that the interventional strategy using mobile health technology was effective to support adherence with TB treatment, even in resource-limited settings which is in contrast with the result from this study (Nguyen, Pham, Nguyen, et al, 2017) . The study found that after 2 months of followed-up, the majority of respondent had 0 daily doses missed (83.5%) and only 7 respondents had missed dose for 1, 2 and 4 days respectively (Nguyen, et al, 2017) . Despite education given through WhatsApp, some patients might ignore the messages or did not follow through and understand the module due to different reason unknown as it is beyond the scope of this study. Globally, the treatment success rate was reported to be 82% in 2016 (WHO, 2018b) . In Malaysia, the TB success rate was 79.6% in 2015 and 74.8% for Seremban District which far below the national target performance indicator set at 85% and above (MOH, 2016b; Seremban District Health Office, 2019) . The challenge to the successful outcome of TB is to ensure the patient to comply and continue to adhere with the medication for long period (Bloom, et al, 2017) . Patient with incomplete treatment may become the potential source of spreading TB to others unknowingly.
Results of the study showed that there were more patients with outcome of successful treatment in the intervention group compared to the control group. Multivariate analysis after adjustment revealed that the TB@Clicks intervention module using WhatsApp was effective to enhance and promote the treatment success among PTB patients attending Health Clinics in Seremban District. At presence, there are no study that utilized WhatsApp as a tool to deliver health education among TB patients was found elsewhere. A systematic review done by Lee, et al (2019) to evaluate the outcome measures reported in TB mHealth literature in low-and middle-income countries revealed a total of 12 studies adopted short message service (SMS), 5 studies used SMS in combination with additional technologies such as VDOT or mobile apps and none was utilized WhatsApp for intervention yet (Lee, Lee, Lee, et al, 2019) .
In contrast to a study by Bediang, Stoll, Elia, et al (2018) found that mHealth intervention using SMS reminders among TB patients in Cameroon did not increase the successful outcome of TB treatment. However, the dropout rate was high during the follow-up at fifth and sixth month of treatment (Bediang, et al, 2018) . Apart of that, an interventional study using SMS reminder among newly diagnosed PTB patients in Karachi to evaluate the impact of intervention on treatment success also found that there was no significant difference between groups with treatment success outcome (p=0.782) (Mohammed, Glennerster & Khan, 2016) .
Conclusion and recommendation
The treatment success was significantly enhanced by the intervention that utilized WhatsApp to deliver health education module but no significant effects on the adherence rate among PTB patients in Seremban District. Both adherence rate and treatment success rate in the intervention group and control group among PTB patients who received DOTS in government health clinic were still unsatisfactory. However, the use of digital health applications using mobile health devices to improve treatment support for active TB patients International Journal of Public Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. 4 July/August 2019 IJPHCS Open Access: e-Journal is warranted further research as it holds considerable promise to transform adherence support and good outcome among TB patients.
